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Characteristics of silicate rock weathering in cold temperate zone: A case study of Nen—
jiang River China. LIU Baodian' >’ ZHAO Zhi<i’** LI Sidiang® LIU Cong-giang’
ZHANG Gan' HU Jian> DING Hu® ZHANG ZhuoHun®® ( 'State Key Laboratory of Organic
Geochemistry — Guangzhou Institute of Geochemistry — Chinese Academy of Sciences Guangzhou
510640 China; * State Key Laboratory of Environmental Geochemistry Institute of Geochemistry
Chinese Academy of Sciences Guiyang 550002 China; * University of Chinese Academy of Sci—
ences Beijing 100049  China) . Chinese Journal of Ecology 2013 32(4): 1006-1016.
Abstract: We determined the concentrations of major ions ( Ca* Mg” Na® K* and HCO,~
SO,” and Cl7) in the waters of Nenjiang River system China analyzed the relative contribu—
tions of chemical weathering of different kinds of rocks atmospheric input and human input to
the total dissolved solutes and estimated the chemical weathering rates of different kinds of rocks
and associated atmospheric CO, consumption rates in the whole basin and each sub-basin. The
water of the Nenjiang River system was weakly alkaline with an average pH of 7.5 calcium was
the dominant cation accounting for 50% of the total cations and HCO,  was the most abundant
anion accounting for 85% of the total anions. The dissolved cations in the waters were mainly
originated from silicate weathering ( ~38%) and carbonate weathering ( ~32%) and from the
dissolution of evaporates ( ~25%) human activities ( ~5%) and atmospheric precipitation
input ( <1%) . The average chemical weathering rate of silicate rock in the basin was approxi—
mately 1.37 t * km™ * a™'( total dissolved solids of silicate rock) and the associated atmospher—

ic CO, consumption rate was about 40. 1X10° mol * km™ « a™'.

Key words: cold temperate zone; Nenjiang River basin; silicate rocks weathering; CO, con—

sumption.
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Fig.1 Sample locations in the Nenjiang River basin and spatial distribution of the TDS concentration
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2 pH.EC.TDS Pearson ( 23 )
Table 2 Pearson correlation matrix for pH EC TDS and major ions of the river waters in the study area
pH EC Ca Mg Na K HCO,4 S0, cl NO, Si0,  TDS
pH 1
EC 0.621** 1
Ca 0.731** 0.918** 1
Mg 0.487" 0.880** 0.804** 1
Na 0. 490" 0.892** 0.790** 0.855** 1
K 0. 360 0.604** 0.449" 0.545%* 0.607** 1
HCO, 0.677** 0.918** 0.922** 0.910** 0.863** 0.576™* 1
50, 0.504"  0.711%* 0.636** 0.519** 0.788** 0.250 0.553%* 1
Cl 0.390 0.714** 0.590** 0.502" 0.693** 0.639** 0.512** 0.6717* 1
NO,4 0. 002 0. 184 0. 081 0.109 0.390 0. 046 0.087 0.557%* 0.396 1
Si0, -0.362 -0.279 -0.254 -0. 137 -0. 181 -0.495" -0.348 -0. 038 -0.234 0.049 1
TDS 0.664** 0.954** 0.936™* 0.914** 0.932** 0.562* 0.976** 0.701** 0.624** 0.232 -0.242 1
** P<0. 01 ( ) * <0.05 ( )
. L1 4 Gl HCO,” Ca’ Mg .Na" 3
TDS ° 3
HCO,~
TDS - K NO,” . G2 S0, CI
2.2 . S0, «I
Ca™" \Na* S0, CI
) HCO,"~ (
o 85%) Ca’ .Na* HCO,~
- Na K ( 6) S0, . CI°
;Ca Mg . K* NO,” G3 G4
N ; HCO, .
; 50, K" 4%  NO,”
° 1% ( )
NO3 AY o
( 2007) $i0, RAEH AR
( Jansen et al. 2010) . Ca® 9 3 10 2 20 2
Hco,'J —
Pearson ( 2) ( 3, Gl
2 NO," TDS . Me”
( P<0.01) ; HCO,~ Na
- - G2
Cl".S0,’ S0
( P<0 01) Caz+ ~ Mg2+ Cclr
0.922  0.910( P<0.01) ; K" SO427 < G3
N . NO,~  S0,*”
3 4 NO; G4
(r=0.557 P<0.01)
5 HCA (
° 23 )
R- Fig. 5 Dendogram from the HCA ( hierarchical cluster

5, 5 analysis) for the ions of Nenjiang river water samples
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2011) o (7) (8)
Cl 10
(3.52 pwmol * L") o
10 e km™ Gaillardet  ( 1999)
o o Ca/Na  Mg/Na 0.35 0.24.
Cl Moon  (2009) (
Cl Cl  =3.52 pmol * L' ) Ca/Na  Mg/Na
o 0.36  0.22 Gaillardet  ( 1999)
(1) 1) Cl o Chetelat  (2008)
Ca/Na  Mg/Na
Cl Na o 0.35 0.2
2) ( 21) Ca/
“ 7 o Na  Mg/Na 0.81 0.16
o Galy France.anord
Ca™ S0, Ca = S0, . 3) (1999) Han  Liu(2004) Xu  Liu( 2007 2010)
Na K Ca- Li (2009)
Mg K (1) ( Ca/Na) =0.36 ( Mg/
: Na) =0.22,
cl =3.52 pwmol « L™ (2) ( Ca/Mg) =2.31( Moon et al. 2009)
cl = (Cl + Cl (3) Chetelat  (2008)
SO, = SO, + SO, + SO, (2.63) . (7) (8)
(4) :
Na = Na + Na + Na Ca =2.31 Mg +0.36 Na
(5) + Ca (9)
K =K +K (6) Mg = Mg + Mg
Ca = Ca + Ca + Ca +0.22 Na (10)
+ Ca (7 3.1.2 9
Mg = Mg + Mg + Mg 38%;
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Fig.9 Contributions ( %) of different reservoirs to the cationic TDS for the Nenjiang River system
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25% ; (11) (12)
<1%; 5% ( 2007) o (11)
HCO,~ 1/2 Co,
1/2 o
o TDS (mg L") (13)
9 1-8 . ™S  (mg-L")
(14) 2 Co,
40% ° SIOZ ( 15) ( ]6) .
110 ~ 140 1L 130 |-
. ( pmol + L.7) pmo Co,  =0.5 HCO,
° =0.5(2 Ca +2 Mg )
= Ca + Mg (15)
~ o i 1
5(1)%L_160% Sio, 70 co, - HCO,
Jvmo o — Na + K +
2 Ca +2 Mg (16)
( 10%) - co 3
3.1.3 Co, : ’
. -2, -1
co, . 0.84 1.03t*km a o TDS
. 2., -1
Ca,Mg, ,CO,+H,C0, =xCa® +( 1-x) Mg 137 s km™ = a
+2HCO," (11) TDS 1/2( Chetelat et al. 2008) o
3 L]
(Na K Ca Mg) +6H,CO, = 1. 5H,Si0, + o, 40. 1x107 mol
6HCO, +Na*+K* +Ca®* +Mg** + km™ ¢ a” 1/2( Gaillardet et al.
(12)  1999); 11.9%10” mol * a™*
TDS = Na + + Ca °
+ Mg + Si0, (13) DS o, 2.80
TDS = Ca + Mg + tekm?+a’  29.2x10° mol * km™ *a'
1/2 HCO, (14) o
3 co,
Table 3 Chemical weathering rates and the associated CO, consumption of the Nenjiang Rivers
(10°m®  (km?) DS  (Ca+Mg) €O, ™S €O, DS DS
ca”) (tekm™2 (tekm™ (10°mol (103 mol * (tekm™? (t*km™ (103 mol (tekm™ (e k_r]n
) ca) e ) ca) ke “a) )
ca’!) cah)
8 225 297000 0. 84 1.37 3.01 40.1 1.03 2.80 29.2 1.10 5.27
11 12.3 5760 0.79 2.9 0.06 38.2 1.13 3.08 32.0 0.91 6.98
12 8.89 5464 2.80 4.49 0.19 137 2.68 7.32 76.2 0. 00 11.8
14 10.7 8401 1.83 2.78 0.17 83.2 1.93 5.29 55.0 0.16 8.23
18 40.7 19549 1.13 2.92 0.26 53.0 1.75 4.80 49.9 2.13 9.84
20 17.0 13856 1.13 1.82 0.16 50.3 0.65 1.78 18.5 2.09 5.69
21 46.4 25463 1.11 2.96 0.34 53.1 0.00 0. 00 0.0 2.01 4.96
24 23.6 15426 1.22 3.00 0.23 58.3 1.15 3.15 32.8 2.98 9.13
26 23.7 17435 1.24 1.93 0.27 60.0 1.11 3.04 31.6 3.26 8.23

* (2007) .
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